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The soils and vegetation of 12 stages of forest succession on the floodplain of the Tanana River are described. Succession 
begins with the invasion of newly deposited alluvium by willows (Salix spp.) and develops through a willow—alder (Alnus 
tenuifolia Nutt.) stage to forest stands of balsam poplar (Populus balsamifera L.), followed by white spruce (Picea glauca 
(Moench) Voss), and finally black spruce (Picea mariana (Mill.) B.S.P.). The principal changes in substrate characteristics 
during the successional sequence are (i) change from sand to silt loam, (iz) increase in terrace height and distance from the 
water table, (iii) development of a forest floor, first of leaf litter and then live and dead feather mosses, (iv) burial of organic 
layers by flooding, and (v) the development of permafrost as soils are insulated by a thick organic layer. Soils and vegetation 
of six stands occurring in three successional stages used in the salt-affected soils study are described in detail: open willow 
stands (stage IIT), balsam poplar — alder stands (stage VI), and a mature white spruce stand (stage VIII). There is a general 
progression of plant species resulting from the modification of the environment by the developing vegetation and changes 
in soil characteristics. Life history and stochastic events are important in the early stages of succession, and biological controls 
such as facilitation and competition become more important in middle and late stages of succession. 
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Les sols et la végétation de 12 stades de succession forestière sur la plaine de débordement de la rivière Tanana sont 
décrits. La succession commence avec l’invasion par les saules (Salix spp.) des alluvions récemment déposés, passe par un 
stade saule~aulne (Alnus tenuifolia Nutt.), un peuplement forestier de peuplier baumier (Populus balsamifera L.), suivi par 
lépinette blanche (Picea glauca (Moench) Voss) et finalement, |’épinette noire (Picea mariana (Mill.) B.S.P.). Pendant la 
séquence successionnelle, les principaux changements dans les caractéristiques du substrat sont (i) le passage du sable au 
loam limoneux, (ii) l’élévation du niveau de la terrasse et l’éloignement de la nappe phréatique, (iii) le développement d’une 
litière forestière d’abord composée de feuilles et par la suite de mousses vivantes et mortes, (iv) l’enfouissement des couches 
organiques par les innondations et (v) le développement d’un permafrost lorsque les sols sont isolés par une épaisse couche 
organique. Les sols et la végétation de six peuplements qui s’établissent au cours de trois stades successionnels considérés 
dans |’étude des sols soumis à l'action du sel sont décrits en détail : les peuplements ouverts de saule (stade IID), les 
peuplements de peuplier baumier et aulne (stade VI) et les peuplements d’épinette blanche mature (stade VIII). Il y a une 
progression générale des espèces de plantes qui résulte de la modification du milieu par le développement de la végétation 
et les changements dans les caractéristiques du sol. L’historique et les phénoménes stochastiques sont importants dans les 
premiers stades de succession alors que les contrôles biologiques tels la facilitation et la compétition deviennent plus 
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importants dans les stades intermédiaires et terminaux de la succession. 


Introduction 


The floodplain of the Tanana River in interior Alaska is a 
dynamic system of active erosion and sand and silt bar for- 
mation. New surfaces for plant colonization are continually 
formed, and all stages of succession from pioneer invaders to 
mature forests are readily available for study. Although suc- 
cession at any one site is a continuum with time, definite 
stages in the forest development can be recognized. This paper 
describes the vegetation and soils of 12 successional stages 
previously recognized and classified (Viereck 1989). 


Literature review 

Because of its proximity to the University of Alaska and 
the Bonanza Creek Experimental Forest, a number of previous 
studies of various aspects of the floodplain ecosystem have 
occurred in the same stretch of the river as the studies reported 
in this special issue (Viereck et al. 1986; Van Cleve et al. 
1990). An early study of nutrient and biomass of developing 
thinleaf alder (Alnus tenuifolia Nutt.) showed that produc- 
tivity in these stands was high and that alder added significant 
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amounts of nitrogen to the developing forest ecosystems 
(Van Cleve et al. 1971; Van Cleve and Viereck 1972). 
Walker (1989) also showed that nitrogen accumulation in the 
top 2 m of soil increased by nearly four times in 20 years 
during the development of alder stands in the successional 
sequence. Nutrient cycling and biomass productivity studies 
were developed in other successional stages along the Tanana 
River and reported by Van Cleve et al. (1980) and Van Cleve 
and Viereck (1981). 

A series of studies investigating life history and early devel- 
opment of the pioneer species was conducted separately by 
Walker (1985), Krasny (1982, 1986), and Densmore (1979). 
These studies reported on the importance of adventitious 
rooting (Krasny et al. 1988a), seed germination (Densmore 
1979; Krasny et al. 19884; Walker et al. 1986), and seedling 
establishment of both pioneer species (Krasny et al. 19885; 
Walker et al. 1986; Walker and Chapin 1986) and white 
spruce (Krasny et al. 1984; Walker et al. 1986) on the devel- 
oping ecosystems on the floodplain. 

Browsing by both snowshoe hares (Lepus americanus) and 
moose (Alces alces) is an important control of vegetation 
development on the Tanana floodplain. Bryant (1987) 
described feltleaf willow (Salix alaxensis (Anderss.) Cov.) 
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and snowshoe hare interactions on the Tanana River flood- 
plain, and Wolff and Zasada (1979) described the relationship 
between moose and early successional stages of vegetation 
development. 

An experimental logging study on Willow Island on the 
Tanana River floodplain described the structure of mature 
white spruce forests (Juday and Zasada 1984) and the effects 
of the logging on secondary succession and soil temperatures 
(Dymess et al. 1988). 

Viereck (1989) used a classification system developed by 
Viereck and Dyrness (1980) to classify and describe 12 stages 
of forest succession on the Tanana floodplain. These were 
modified from a previous paper in which eight stages were 
described (Van Cleve and Viereck 1981). The vegetation 
and soils of these stages will be described in detail in 
this paper. 

The successional patterns described for the Tanana River 
are generally similar to those found along all of the major 
rivers in interior Alaska and adjacent Canada. These have 
been described in varying degrees of detail for the Yukon 
River (Benninghoff 1952; Johnson and Vogel 1966; Baxter 
and Wadsworth 1939), the Kuskokwim River (Drury 1956), 
the Chena River (Viereck 1970), the Porcupine River (Farjon 
and Bogaers 1985), and the Susitna River (Helm 1982). Gill 
(1972, 1973) has also described a closely similar successional 
sequence from the Mackenzie River in northwest Canada. 


General succession pattern 

Although there may be some variation in the successional 
sequence on the floodplain due to differences in flood fre- 
quency and severity, seedfall events, distance from seed 
sources, and texture of parent alluvium, we have found that 
a general successional pattern dominates. The general succes- 
sion pattern begins on newly exposed silt bars, usually on the 
inside of river meanders. Horsetails (Equisetum spp.) and the 
light seeded willows (Salix spp.) are the first plants to colo- 
nize. As the willow shrubs expand and occupy the site there 
is a further invasion by thinleaf alder and balsam poplar 
(Populus balsamifera L.) as well as several herbaceous 
species. On these sites alder grows more rapidly than the 
willows, and there is usually a closed tall shrub stage domi- 
nated by alder. At the same time the saplings of balsam poplar 
begin to overtop the alder shrubs, and a balsam poplar stage 
emerges. White spruce (Picea glauca (Moench) Voss) seed- 
lings can become established during the shrub or balsam 
poplar stage, and by the time the balsam poplar reaches an 
age of 50—100 years there is usually a white spruce compo- 
nent in the stand. As the balsam poplar mature and die, the 
white spruce become dominant. Well-developed white spruce 
stands are common along the Tanana River and may persist 
for one or more generations before they are replaced by the 
more slow growing black spruce (Picea mariana (Mill.) 
B.S.P.). On the older terraces black spruce and bogs eventu- 
ally become the predominant vegetation. 

Several distinct “turning points” in the successional 
sequence can be recognized that seem to cause major changes 
in the developing vegetation and related environment. These 
have been listed by Viereck (1989): (i) the stabilization of 
alluvium by early plant cover, (ii) the formation of a complete 
vegetation canopy with a surface organic layer covering the 
mineral soil, (iii) the shift from willow to alder dominance in 
the shrub canopy, (iv) the shift in dominance from shrubs to 
deciduous trees, (v) the change from deciduous to conifer 


trees with the development of feather mosses on the forest 
floor, and (vi) the development of permafrost. 

The 12 recognized stages of succession described in the 
paper are shown in Table 1 and Fig. 1. Although transitions 
between these stages do occur, we feel that they are useful 
categories for describing the successional sequence that 
occurs on the Tanana floodplain. 


Successional stages 


Stage I: bare alluvium 

Unvegetated silt bars occur abundantly adjacent to the 
active river channels during periods of low water at any time 
during the summer. They are usually less than 50 cm above 
the normal summer river levels and are flooded several times 
during each summer. Although occasional seedlings of wil- 
lows and balsam poplars may become established tempo- 
rarily, they usually do not persist and become permanently 
established. This alluvium consists of alternating layers of 
fine to medium sands to depths of 150 cm, which remain 
saturated during periods of normal river levels and submerged 
during periods of high water. 


Stage II: alluvium with scattered willows and herbs 

Plant colonization begins at this stage. The surfaces are 
frequently flooded and are seldom more than 50 cm above 
the water level during much of the summer, offering an ideal 
site for the germination of willows, balsam poplar, and light- 
seeded herbaceous species. Often the species that become 
established are determined by the timing of seed dispersal 
with that of receding waters that have left a moist surface. 
Receding river levels during the fall, after dispersal of white 
spruce seedlings, may result the following spring in germina- 
tion of large numbers of white spruce seedlings, which rarely 
survive the reflooding that normally occurs later during the 
summer. 

The stage II surfaces are often short-lived. Heavy flooding 
and siltation before the shrubs are well established often result 
in their demise. On some sites the young small seedlings can 
be buried by blowing silt and sand. In addition, these sites are 
often eroded away from the side by the adjacent active river 
channel. 

The main species colonizing these sites are Salix interior 
Rowlee, S. alaxensis, Salix nova-anglaea Anderss., Populus 
balsamifera, and several Equisetum species, including Equi- 
setum palustre L., Equisetum arvense L., and Equisetum vari- 
egatum Schleich. Single, isolated alders are also found in 
these stands. Other herbaceous species include Juncus arc- 
ticus Willd., Triglochin palustris L., and Carex aurea Nutt. 
On the dry sandier sites Hedysarum mackenzii Richards., 
Artemisia arctic Less., and Castilleja caudata (Pennell) 
Rebr. may become established. 

Growth of the willows is slow and may not exceed 2-5 cm 
the first year. Density of the shrubs is also low, usually from 
4-5 to 20/m*. One 3-year-old stand that we sampled in this 
stage had willows of 30-50 cm in height at a density of 7/m? 
(70 000/ha), a cover of 12%, and a basal area of 1.6 m’/ha. 
Litter fall is light (2-8 g-m™-year™!) and is usually swept 
away or buried during periods of high water. 

The typical soil profile in stage II is very similar to that of 
stage I except for the addition of a thin, scattered litter layer 
and the presence of Equisetum rhizomes and tree and shrub 
roots to depths of 50 cm. 
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TABLE 1. Characteristics of 12 stages in forest succession on the floodplain of the Tanana River 


Forest 
Age of Terrace floor Leaf 
No. of No. of terrace height thickness litter Biomass Site- 
Stage stands replicates Vegetation (years) (m) (cm) (g/m?) (kg/ha x 1000)* treatment} 
I 3 3 No vegetation 0 1-1.5 0 0 0 LA 
I-B 
H 2 2 Scattered willows 1-2 1.5-2.0 0 2-5 1-2 l — 
and herbs 
Il 7 12 Open young willows 2-5 1,8-2.2 0 7-20 2-4 I-A-C 
HI-B-C 
IV 4 10 Closed alder and 5-10 2.0-2.4 5-10 225-300 = 25-30 — 
willow shrubs 
v 4 OB Open balsam poplar 20-40 2.0-2.7 5-10 225-350 29-36 V-A-C 
with dense alder V-B-C 
understory 
VI 2 17 Closed balsam poplar 80-100 2.5-2.8 8-12 250-235 100-180 — 
with alder understory 
Vil 2 3 Mixed balsam poplar 125-175 2.3-3.0 8-12 40-125 — 
and white spruce 
Vill 7 33 Mature, even-aged 200-300 3.2-3.8 6-12 60-80 160-220 VHI-A-C 
white spruce VII-B-C 
Ix 2 11 Old, uneven-aged 300-500 3.5-4.0 4-20 50-150 180-240 — 
white spruce 
X 1 3 Mixed white and 500+ 4-5 18-20 40-60 — 
black spruce 
XI 1 6 Open black spruce 500+ 4-5 25-30 30-100 23-37 — 
XII 0 0 Decadent black 1000+? 4-5 — — — — 


spruce, thaw ponds, 
and bogs 


*To obtain actual values, multiply by 1000. 
+A, B refer to sites; C refers to the control plot. 


Stage IH: open willow stage 

During this stage the willows increase in size, density, and 
cover. Because of accretion by siltation, the terrace level of 
this stage is usually 2-2.5 m above the winter level of the 
river (Table 1). Flooding occurs only during the highest water 
levels each year, and in some years this stage may not be 
flooded at all. Despite this, siltation is heavy during this stage, 
probably as a result of the proximity of the stands to the main 
channels and the ability of the denser willow stems to slow 
the water flow. 

Salix spp. are still the dominant vegetation. The most 
important species are Salix alaxensis, Salix brachycarpa 
Nutt., Salix nova-anglaea, and Salix lasiandra Benth. Salix 
interior seems to reach its peak early in this stage and to begin 
to drop out of the successional sequence by stage IV. Balsam 
poplar seedlings and suckers grow rapidly in this stage, and 
thinleaf alder becomes more common. White spruce seedlings 
may become established in this stage and persist through to 
the spruce stage (stage VIII), but usually they do not survive 
the heavy silting that still occurs in this stage. 

Despite frequent flooding, there is a well-developed herba- 
ceous layer in this stage consisting of the same species found 
in stage Ii and the addition of several species, including Equi- 
setum hiemale L., Calamagrostis inexpansa Gray, Parnassia 
palustris L., Antenaria pulcherrima (Hook.) Greene, Moeh- 
ringia laterifolia (L.) Fenzl., and Epilobium angustifolium L. 
Bryophytes are lacking or rare, but occasional patches of 
the liverwort Preissia quadrata (Scop.) Nees and the moss 
Ceratodon purpureus (Hedw.) Brid. occur temporarily on the 
moist silt. 


Total shrub cover in this stage increases from about 15 
to 50% or more. Shrub stem densities are from 100 000 to 
150 000 stems/ha. Individual shrub stem diameters are usu- 
ally less than 2 cm, and heights are up to 2 m. Shrub biomass 
of a 5-year-old stand in stage HI was 2080 kg/ha, with 25% 
of that as leaf biomass and 75% as woody biomass. Litter 
fall is light in this stage (8-10 g/m?) most of which is blown 
or washed away or buried beneath silt deposition. 

A typical soil profile shows little change compared with 
stage II soils, except for the further addition of a thin litter 
layer and the increase in quantity of woody roots. Leaf litter 
cover increases from an average of 6% in stage H to 40-50% 
in stage III. Again, as in other early successional stages, the 
water table in the soil varies directly with river heights, being 
more than | m below the surface during periods of low water 
and only a few centimetres during periods of high water. 


Stage IV: closed alder and willow shrubs 

A dramatic change occurs with the closure of the shrub 
canopy and the development of a dense willow and alder 
thicket. The shrub canopy usually closes when the alders and 
willows reach a height of 2-3 m. Several of the less shade 
tolerant Salix species, such as S. interior and S. brachycarpa, 
disappear completely. Most of the Salix species are heavily 
browsed by snowshoe hares during this stage, and alder 
becomes codominant with or dominant to the remaining wil- 
lows. Salix alaxensis, S. lasiandra, and occasionally S. nova- 
anglaea are able to persist in the dense shrub canopy to 
heights of 4-5 m. Growth of the shrubs, especially alder, is 
extremely rapid during this stage, and annual height growth 
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Fic. 1. Cross section of 12 stages of vegetation succession on the floodplain of the Tanana River (from Viereck 1989, reproduced with 
permission of USDA For. Serv. Gen. Tech. Rep. INT-257. p. 198. © 1989 USDA Forest Service), 


of 50-75 cm is not uncommon. The shrub canopy may reach 
a height of 10 m during the 10-20 years that this stage occurs. 
Growth of balsam poplar is also rapid and usually keeps pace 
with the alder and willow heights. 

The rapid change from an open to closed shrub canopy is 
an important turning point in the successional sequence. The 
heavy shade and large amounts of litter fall tend to eliminate 
many of the herbaceous species from the forest floor, but a 
few new species appear. Herbaceous species that persist from 
stage HI include Equisetum arvense, E. palustre, and Moer- 
hingia laterifolia. Herbs that appear for the first time in 
the succession or increase in abundance are Calamagrostis 
canadensis (Michx.) Beauv. and Pyrola secunda L. 

The rapid growth of the shrubs, especially alder, during 
this stage account for the high productivity of these sites. 
Van Cleve et al. (1971) reported annual productivity of up 
to 400-475 g/m’, and total biomass amounts may reach to 
95 000 kg/ha in 20-year-old alder stands. Density of alder 
stems may vary from 5000 to nearly 100000 stems/ha 
depending on the age of the stand, the alders tending to have 
high mortality during the later part of this stage. Basal area 
of the alder may range from 8 to 20 m?/ha. The willows also 
maintain high densities, but their stems are small and basal 
area is usually under 10 m?/ha. Annual litter fall is large 
(150-300 g-m™-year'), with about 50% of it consisting of 
leaves, and consequently a relatively thick (6-10 cm) leaf 
litter layer accumulates on the forest floor. Because of the 
nitrogen-fixing organisms associated with the alder, the 
nitrogen accumulation during this stage is great, amounting 
to as much as 36 g-m™~-year! (Van Cleve et al. 1971). 

These stands are on terraces about 2.5-2.75 m above the 
winter river level, thus flooding is less frequent than in stage MI. 
However, the litter layers are buried by flood deposits at an 
average frequency of 5-10 years. The major change in the soil 


profile in this stage from the previous stage is the development 
of the continuous forest floor litter layer and an increase in 
root development in the upper 50 cm of the soil profile. 


Stage V: open balsam poplar with a dense alder understory 

During stage IV the balsam poplar growth is about the same 
as that of the alder shrubs, but at about 25-30 years after 
establishment the balsam poplar stems are higher than the 
alder canopy. Even though the tree canopy remains open, the 
alders begin to decline, either as a result of the shading of the 
poplar canopy or, as has been suggested by Walker et al. 
(1986), because of the shorter longevity of the alder as com- 
pared with the balsam poplar. The willows are nearly elimi- 
nated from the site, but a few scattered individuals of Salix 
alaxensis, Salix nova-anglaea, and Salix lasiandra may 
persist into stage V. More shade tolerant shrubs, primarily 
Rosa acicularis Lindl., Viburnum edule (Michx.) Raf., and 
Cornus stolonifera Michx., become established in the under- 
story but never produce significant cover in this stage. The 
herb layer remains much the same as in stage IV with the 
addition of a few species such as Pyrola asarifolia Michx. 
and Geocaulon lividum (Richards.) Fem., which will persist 
into the later stages. The heavy leaf litter from the alder and 
balsam poplar prevents the development of a moss layer, but 
some mosses, such as Bracythecium salebrosum Web. & 
Mohr. and Dicranum spp., appear on the bases of balsam 
poplar trees or on fallen logs within the stand. 

During this stage alder densities are greatly reduced to 
2000 to 10 000 stems/ha, but average diameters increase to 
6-8 cm, so basal area of the alder may range from 15 to 
27 m’/ha. The balsam poplar becomes the dominant vegeta- 
tion, reaching heights of 10—15 m, well above that of the alder 
canopy. Density of the balsam poplar ranges from 800 to 
1700 trees/ha, and average heights and DBH are 12-14 m and 
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10-12 cm, respectively, with maximum diameters of 18 cm 
and heights of 15 m at 30 years. Basal area of balsam poplar 
ranges from 10 to 18 m?/ha, and biomass from 25 000 to 
40 000 kg/ha. Litter fall continues to be near the maximum 
for the whole successional sequence, i.e., 250-350 g-m™- 
year ', Wood litter is two to three times that of the leaf litter 
as a result of the high mortality of the alder shrubs beneath 
the balsam poplar canopy. 

By this stage in the successional sequence a soil profile 
with a forest floor and organic layer has begun to form. 
Because of the less frequent flooding a typical soil profile 
may have several centimetres of forest floor material and 
several thin layers of buried organic material. The water table 
is usually greater than 50-75 cm below the surface at this 
stage, except during periods of high water levels. 


Stage VI: closed balsam poplar with alder understory 

The duration of the period of closed balsam poplar depends 
in some degree on the timing of the arrival of white spruce 
seedlings. In some cases, when the balsam poplar are 80 years 
old the stands are in transition to stage VII, the mixed poplar— 
spruce stage, whereas in other cases the balsam poplar stands 
may persist to ages of 100 years or more before the spruce 
become an important component in the stand. 

The terraces on which these stands are found are about 
3-3.5 m above the winter low water level. Flooding is less 
frequent, about once per decade, resulting in a thick forest 
litter of poplar and alder leaves. Litter accumulation continues 
to be very heavy, 270-650 g-m™-year!. 

As the canopy of balsam poplar becomes more closed, there 
are some important changes in the understory shrub layer, 
with cover of alder being greatly reduced and with both Rosa 
acicularis and Viburnum edule becoming more important. 
Occasionally shrubs of Alnus crispa (Ait.) Pursh, Rubus 
idaeus L., Shepherdia canadensis (L.) Nutt., and Cornus 
stolonifera are also found in this stage. Equisetum arvense is 
the dominant herb, but Pyrola asarifolia, Pyrola secunda, and 
Geocaulon lividum are more common than in the previous 
stage. Because of the heavy leaf litter, mosses are limited to 
about 1% cover, usually around the bases of the trees and on 
fallen logs. 

Alder shrubs in this stand tend to be old and decadent, with 
a cover reduced to about 40%. This stage of succession is the 
most productive in terms of tree growth. Balsam poplar may 
reach heights of 30 m and diameters averaging 27 cm. Tree 
density ranges from 2000 trees/ha for the younger stands to 
600 trees/ha for the older stands. Basal area of the trees varied 
from 22 to 36 m*/ha. Tree biomass ranged from 40 000 kg/ha 
for the younger stand to 180 000 kg/ha for the 100-year-old 
stand. Annual tree productivity varied from 264 g/m? for 
younger stands to 775 g/m? for older stands. 


Stage VII: mixed balsam poplar — white spruce 

Mixed balsam poplar — white spruce stands are transitional 
between the deciduous forest and the conifer forest stages. 
The transition represents an important turning point in the 
forest succession. In this stage the canopy of balsam poplar 
is replaced by one of white spruce, as the spruce top the poplar 
and occupy more of the canopy. In this stage the thinleaf alder 
cover is usually less than 25%, and Rosa acicularis and 
Viburnum edule are common. 

This stage is best represented by an 80-year-old balsam 
poplar stand with 40-year-old white spruce that are reaching 


into the canopy. In this stand the balsam poplar have a density 
of 370 stems/ha and spruce, 400 stems/ha. The spruce 
average 17 cm DBH, with the largest being 33 cm DBH, 
while the balsam poplar average 20 cm DBH, with the largest 
being 46 cm DBH. Heights of the trees average 18-20 m for 
the spruce and 22-25 m for the balsam poplar. At this stage 
the basal area of the balsam poplar (21 m7/ha) is about twice 
that of the white spruce (10 m*/ha). Density of thinleaf alder 
is 9100 stems/ha, but cover and basal area are reduced to 27% 
and 3.2 m*/ha, respectively. Cover of Rosa acicularis is 20% 
and Vibrunum edule, 3%. 

Average terrace height above the floodplain of this stage 
is about the same as that of the last stage, 3 m, and flood- 
ing occurs about once a decade. Litter fall is lighter (40— 
100 g/m’) than in the balsam poplar stage because of the 
thinning out of the alders shrubs and the smaller amounts of 
litter produced by spruce than by balsam poplar. Important 
changes occur in the herbaceous and moss layers during this 
transition stage. Species that do not occur in earlier stages but 
are common in the spruce stages make their first appearance 
in this stage. Although the herbaceous and low shrub layer 
cover is low (only 20%), it is made up of an increased number 
of species, including Linnaea borealis, Cornus canadensis, 
Pyrola segunda, Pyrola asarifolia, Monesis uniflora (L.) 
Gray, and Rubus arcticus L. and the orchids Platanthera 
obtusata (Pursh) Lindl. and Goodyera repens (L.) R. Br. 
Several species of mosses are also found in this stand, 
including the first occurrence in the successional sequence of 
the feather mosses Hylocomium splendens (Hedw.) B.S.G. 
and Pleurozium schreberi (Brid.) Mitt. These common mosses 
of the spruce forests are found within these mixed stands only 
under the spruce canopy. Lichens, Cladonia gracilis (L.) 
Willd. and Peltigera aphthosa (L.) Willd., although not abun- 
dant, occupy litter-free sites on fallen logs. 

A typical soil profile from this stage has a forest floor 
accumulation of 10-15 cm of decomposing leaf litter and 
several buried organic layers to depths of 25 cm. 


Stage VIII: closed white spruce 

The most dramatic change in the successional sequence 
occurs with the development of closed white spruce stands. 
At ages of 100—150 years these even-aged stands are usually 
dense and contain a few individuals of the balsam poplar from 
the previous stage. The most important change that takes place 
at this important turning point is the development of a thick 
feather moss mat and organic layer, which results in cooler 
soil temperatures and eventually the development of perma- 
frost. As a consequence of the dense tree canopy, the alder 
layer is reduced to an occasional clump of Alnus crispa, but 
most stands have a well-developed shrub layer of Rosa 
acicularis and Viburnum edule. 

The stage VIII white spruce stands are usually 3.5-4.0 m 
above the winter low water level and flooding is infrequent, 
being limited to the infrequent major flood years, such as 
1967, the last year that most of the white spruce stands were 
flooded (Viereck et al. 1993, this issue). Because of this infre- 
quent flooding and the dense spruce canopy, a well-developed 
layer of feather mosses, primarily Hylocomium splendens, 
Pleurozium schreberi, and to a lesser degree Rhytiduadelphus 
triquetrus (Hedw.) Wamst., have nearly 100% cover. The low 
shrub and herbaceous layer represents about 25% of the cover 
and is composed primarily of Linnaea borealis, Equisetum 
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arvense, Geocaulon lividum, Pyrola secunda, and Pyrola 
asarifolia. A number of orchids, primarily Goodyera repens, 
Corolarhiza trifida Chatelain, and Calypso bulbosa (L.) 
Rchb., are scattered in the moss layer. 

Tree density in these white spruce stands may be as high 
as 2000 trees/ha at age 100 years but tend to be reduced to 
500-750 trees/ha in stands over 200 years old. Average 
diameters of the trees are about 30 cm at 100 years, and 
heights of 25-27 m are common. Basal areas range from 
30 to 60 m*/ha. Total tree biomass ranges from 240000 to 
260 000 kg/ha and annual tree productivity can be as high 
as 540 g/m? (Van Cleve et al. 1980). Annual litter fall ranges 
from 80 to 250 g/m. 

A typical soil profile for this stage has a well-developed 
forest floor and buried organic layers to a depth of 58 cm. In 
some stands of this age seasonal frost may persist through one 
or more summers as lenses of frozen ground at depths of 
75-100 cm {Viereck et al. 1993, this issue). 


Stage IX: open old, uneven-aged white spruce 

The separation between stages VIII and IX has arbitrarily 
been placed at 250 years following the establishment of 
spruce on the site. On these older terraces the white spruce 
stands are more open and uneven aged and may even represent 
a second generation of white spruce that have developed fol- 
lowing the initial even-aged stands (Juday and Zasada 1984). 
Paper birch (Betula papyrifera Marsh.) often occurs along 
with the white spruce; balsam poplar no longer occurs in these 
stands. Both Alnus crispa and thinleaf alder are dominant tall 
shrubs with densities of from 7000 to 12 000 stems/ha and 
cover of 50%. Rosa acicularis and Viburnum edule continue 
to be well represented. 

There is a considerable change in the low shrub and her- 
baceous layers from that of the younger white spruce stands. 
Vaccinium vitis-idaea L. becomes the dominant low shrub, 
but Linnaea borealis, Equisetum arvense, Cornus canadensis, 
and Geocauton lividum continue to be common. Hylocomium 
splendens is still the dominant feather moss, but Pleurozium 
schreberi is more abundant than in the younger spruce stands. 

The white spruce tree canopy tends to be open, with cover 
between 30 and 50%. A typical 250-year-old white spruce 
stand in this stage that we have described previously (Viereck 
et al. 1983) has tree densities of 520 trees/ha but with an 
average diameter of 33.5 cm and with maximum diameters of 
50 cm. In this same stand paper birch has a density of only 
40 trees/ha and an average diameter of 20 cm. Biomass of 
the white spruce in this stand is estimated at 200 000 kg/ha; 
litter fall ranges from 50 to 250 g/m?, with an average of 
60 g-m” year"! 

In this stage intermittent frost is common in the soil profile: 
lenses of frozen soil, often with visible lenses of ice, occur at 
depths of 40-60 cm at the end of the growing season. 


Stage X: open mixed white and black spruce 

The transition from white spruce on the active floodplain 
to black spruce on the older terraces is not well documented. 
Juday and Zasada (1984) consider that it may require two 
or more generations of white spruce before black spruce 
becomes dominant. Numerous examples exist of mixed stands 
of black and white spruce underlain by permafrost, with an 
active layer of only 50-75 cm. These stands are open with 
canopy cover as low as 25-50%. The spruce are usually slow 
growing, with diameters under 20 cm, and ages vary widely; 


most stands sampled had ages ranging from 150 to 250 years. 
Density of the trees is low, around 1200 stems/ha, and basal 
area of the trees ranges from 10 to 15 m*/ha. The tall shrub 
layer is sparse, about 10% cover, with Alnus crispa, Rosa 
acicularis, Salix glauca L., Salix planifolia Pursh, and Salix 
bebbiana Sarg. being the main tall shrub species. The low 
shrub layer usually has a cover of between 50 and 100%, with 
the most abundant species being Ledum groenlandicum 
Oeder, Vaccinium vitis-idaea, Vaccinium uliginosum L., 
Empetrum nigrum L., and Linnaea borealis. The herbaceous 
layer is made up of primarily Equisetum arvense, Geocaulon 
lividum, Calamagrostis canadensis, Arctagrostis latifolia 
(R. Br.) Griseb., and Corhus canadensis. The moss mat covers 
70-90% of the forest floor and is composed of Hylocomium 
splendens, Pleurozium schreberi, Aulacomnium turgidum 
(Wahlenb.) Schwaegr., and Aulacomnium palustris (Hedw.) 
Schwaegr. Lichens may have as much as 30-40% cover, 
mainly of Peltigera aphthosa, Peltigera canina (L.) Willd., 
Cladonia gracilis, Cladonia rangiferina (L.) Wigg., and 
Cladonia amaucraea (Florke) Schaer. 

The forest floor layer in these stands is usually 20-30 cm 
in depth and largely made up of recent moss remains and 
shrub and tree leaves and twigs underlain by partially decom- 
posed organic remains and a very dark brown humus. These 
stands are usually underlain by permafrost, and the active 
layer may be shallow, with seasonal thaw of only 50-60 cm. 


Stage XI: open black spruce 

The older terraces on the floodplain are occupied by exten- 
sive stands of black spruce with a small mixture of other tree 
species, including scattered individuals of white spruce, paper 
birch, and tamarack (Larix laricina (Du Roi) K. Koch). Tree 
density is usually high (2400-2600 stems/ha), but the canopy 
is open with cover of 40-60%. Basal area of all the trees in 
the stand may be about 22-25 m*/ha. Tree biomass in one 
stand was 23 000 kg/ha, and annual aboveground tree pro- 
ductivity was estimated to be only 75 g-m™?-year™!. Litter fall 
ranges from 50 to 100 g-m™- year”, with an average of about 
60 g-m- year. 

The tall shrub layer has a cover of about 50%, with Alnus 
crispa, Rosa acicularis, Salix glauca, and Salix planifolia 
being the most common shrubs. The low shrub layer is similar 
to that in stage X with nearly 100% cover, the main species 
being Vaccinium vitis-idaea, Ledum groenlandicum, Linnaea 
borealis, Vacciniumn uliginosum, and Empetrum nigrum. 
Herbaceous species are abundant, with nearly 70% cover. The 
most important species are Equisetum arvense, Equisetum 
scirpoides Michx., Geocaulon lividum, Arctagrostis latifolia, 
Pyrola asarifolia, and Pyrola secunda. Several sedges, Carex 
vaginata Tausch, Carex concinna R. Br., Eriophorum 
scheuchzer Hoppe, and Eriophorum vaginatum L., occur in 
this type but have low cover values. Feather mosses still 
dominate the moss layer, but several mosses of wet habitats, 
such as Sphagnum girgenshonii Rossow, Sphagnum squar- 
rosum Crome, Sphagnum warnstorfianum Rossow, Sphagnum 
fimbriatum Wils., and Aulacomnium palustre, have significant 
cover in the stand. Several Cladonia and Peltigera species are 
present, but lichens have a total cover value of less than 1%. 

These stands tend to have a very shallow active layer, and 
standing water is present in low spots during much of the 
growing season. There is a thick organic layer of 30-50 cm, 
and thaw often reaches barely to the mineral soil. 
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Stage XII: black spruce, thaw ponds, and bogs 

The final stage in the succession on the Tanana River flood- 
plain is found on the older terraces that may be several thou- 
sands of years old (Péwé 1975) and rarely, if ever, flooded 
by the river. On these terraces the vegetation is a mosaic of 
open black spruce stands similar to those described for 
stage XI interspersed with bogs and small ponds. Many of 
these low-lying areas are the results of filling of old river 
channels and oxbow lakes, whereas others are thaw ponds 
that have resulted from the thawing of ice in permafrost 
(Benninghoff 1952; Drury 1956). A wide variety of vegetation 
types occurs in these areas, but we have not yet described the 
ecosystem dynamics of these older terraces. However, three 
community types, namely a sedge meadow, an Eriophorum 
vaginatum tussock, and a Sphagnum bog type, have been 
described from the older river terraces adjacent to our study 
area on the Tanana River (Calmes 1976). 


Discussion 


Primary succession on the Tanana River floodplain results 
from concurrent changes in both substrate characteristics and 
vegetation. At the same time that the vegetation is developing 
there are associated changes in some of the substrate charac- 
teristics that, in turn, have an important influence on the 
vegetation. As the alluvial deposits first form, the surface 
layers are sandy, and gravel layers may be less than 1 m from 
the surface. As vegetation develops in stages II and III the 
alluvial deposits continue to raise the surface in relation to 
the river level, the deposits become more silt than sand, and 
the surface layers change from fine sand to a silt loam. 

As the leaf biomass of the canopy increases, there is a 
corresponding increase in litter fall and the development of a 
litter and organic layer on the forest floor. In the younger 
stages through the alder stages (stage IV) flooding is frequent 
and the litter layer frequently becomes buried by silt. By the 
time that balsam poplar have become the dominant vegetation 
in stages VI and VII, flooding is less frequent and organic 
layers of 10-15 cm commonly develop before they are buried 
by the silt. Thus a series of buried horizons with a concentra- 
tion of tree roots becomes characteristic of the later stages of 
succession. 

Another important change taking place is the gradual 
increase in the terrace level during the successional sequence. 
The total increase in terrace height is between 3 and 4 m over 
the duration of the successional sequence, with the most rapid 
accumulation during the first 100 years. Terrace height affects 
not only the frequency of flooding but also the distance to the 
water table. The significance of this change in depth to the 
water table is discussed by Viereck et al. (1993, this issue). 

The most significant change that takes place in the soil 
profile is the development of the thick forest floor organic 
layer resulting from the rapid growth and slow decomposition 
of the feather mosses in the spruce stages (VIII-XID) of the 
successional sequence. Numerous studies have shown that 
this thick organic layer results in colder soil temperatures and 
eventually the formation of permafrost, which in turn has a 
dramatic effect on the water regime of the soil and on vege- 
tation development. This also is discussed in detail in the 
paper on the climate of the Tanana River floodplain (Viereck 
et al. 1993, this issue). 

The successional sequence illustrates several ecosystem 
processes that are occurring within the vegetation sequence. 


Walker et al. (1986) discussed in detail the role of life history 
processes in the successional sequence on the Tanana River 
floodplain. They concluded that the successional sequence is 
adequately explained by the stochastic events of flooding and 
seed dispersal and the life history traits of the dominant 
species. Our study indicates that although these factors are 
obviously important in explaining the early colonization and 
establishment of vegetation, other factors may account for a 
continuous succession of plant species within the successional 
sequence. 

In general there is a gradual progression of species 
throughout the entire successional sequence in all groups, 
including trees, shrubs, herbs, mosses, and lichens (Fig. 2). 
Only the most important or typical species of the approxi- 
mately 175 species that occur in our vegetation plots are listed 
for the sequence. Although many of the major tree and shrub 
species become established as early as stage III, there is a 
progression of associated species that seems to closely follow 
the concept of “relay floristics” as presented by Egler (1954). 
These changes in species are apparently brought about by 
changes in the microenvironment that result from modifica- 
tions caused by the vegetation itself, thus fitting the facilita- 
tion model suggested by Connell and Slayter (1977). 

In early successional stages possession of light seeds or 
spores as well as a tolerance to frequent flooding are important 
characteristics for invading species. The light-seeded Salix 
species vary in the time of seed dispersal (Densmore and 
Zasada 1983; Walker et al. 1986), resulting in the opportunity 
for establishment of different willow communities depending 
on the time of flooding and water level recession. However, 
most pioneer willow communities have a mixture of several 
species, indicating that fresh alluvial deposits are normally 
receptive to seed germination and establishment during much 
of the summer. The early pioneer willow species also are well 
adapted to surviving subsequent flooding and sedimentation 
through the rapid production of adventitious roots. 

The mechanism for the establishment of Equisetum spp. 
and other herbaceous species is not well understood. Once 
established, the Equisetum spp. show a strong ability to 
quickly spread vegetatively by rhizomes and to penetrate sed- 
iment deposits of 1-2 dm. 

Some herbaceous species, such as Parnassia palustris and 
the halophyte Triglochin paiustris, occur briefly in the suc- 
cessional sequence and are probably intolerant of the shade 
produced by the willow and alder shrubs. Other pioneer her- 
baceous species such as Calamagrostis canadensis and Equi- 
setum arvense, which are more shade tolerant, are able to 
persist, although often at lower levels of cover throughout 
the entire successional sequence. The moist exposed sediment 
provides an adequate surface for the development of pioneer 
mosses and liverworts, such as Preissia quadrata and Cer- 
atodon purpurea, but nearly annual flooding prevents the 
development of an extensive moss layer. Pressia quadrata is 
found only on exposed mineral soil in open areas in stages III 
and IV, but Ceratodon purpurea reestablishes on disturbed 
sites throughout most of the successional sequence. 

Although light-seeded willows are the characteristic 
shrub invaders on the exposed alluvial deposits, it should 
be pointed out that several species of Salix, especially 
S. glauca and S. planifolia ssp. pulchra, are found only in the 
late stages of the successional sequence. The light windblown 
seed of these species must land on the moist mineral soil, 
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Hylocomium splendens 
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Peltigera aphthosa 
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Fic. 2. Cover (abundance) of selected species in 11 of the 12 successional stages on the floodplain of the Tanana River: 1, rare, less than 
1% cover; 2, occasional, 1-5% cover; 3, frequent, 5-12.5% cover; 4, abundant, 12.5-50% cover; 5, (co)dominant, 50-100% cover. Number 


of replicates is given below each stage. 


but as with aspen (Populus tremuloides Michx.), there seems 
to be some factor that prevents their establishment. 

The stands of open and closed willows in the early stages 
of succession are quickly replaced by dense alder thickets 
and eventually by forest. The establishment of alder usually 
follows the establishment of willow by one to several years. 
Walker et al. (1986) suggest that alder establishment may be 
erratic because of a periodicity of seed production. However, 
large quantitites of alder seed are produced most years in alder 
stands adjacent to the young willow stands, but alder seed is 
heavier than willow seed and thus even local dispersal may 
be slow. Walker et al. (1986) also suggest that the spread of 
alder may be a two-step process, with scattered alders being 
established at the same time as the initial willow invasion of 


the site, and that increased density results once the resident 
alders begin to produce seed. Once established, the alders 
quickly outgrow the willows. This was verified by our own 
observations that initially the open young willow stands of 
stage III have only a scattering of alder but were quickly 
replaced by dense alder thickets. 

Although rapid replacement of the willows may be the 
result of more rapid growth and taller stature of alder and 
balsam poplar, the role of herbivores may also be impor- 
tant in the demise of the willows (Bryant 1987; Wolff and 
Zasada 1979; Walker et al. 1986; McAvinchey 1991), Both 
moose and snowshoe hares tend to feed selectively on some 
species of pioneer willows, allowing the alder to become 
dominant. 
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The dense alder canopy that develops in stage IV and per- 
sists into stage V results in heavy shading of the forest floor 
and in a very sparse herbaceous and low shrub layer. Although 
shrubs such as Viburnum edule and Rosa acicularis become 
established under the alder canopy, their development is 
arrested until the canopy begins to open up in the balsam 
poplar and spruce stages. 

Herbs, such as Pyrola asarifolia and Geocaulon lividum, 
become established first under the dense alder canopy and 
may persist throughout the rest of the successional sequence. 
The establishment of white spruce seedlings can occur at any 
time in the successional sequence, but they do not persist and 
grow well until the alder is well developed. It is unclear 
whether their survival results from the shading and protection 
of the alder canopy or from some other factors, such as the 
less frequent flooding that occurs in these midsuccessional 
stages. Although white spruce seedlings persist under the 
alder canopy, their growth is extremely slow and they may 
be set back by browsing by snowshoe hares before they 
develop to heights of 1 m or more. 

The rapid growth into a dense alder canopy results in the 
death of most of the willows, which are slower growing and 
shade intolerant. Shading may also make the willows more 
susceptible to hare browsing, which also adds to their elimi- 
nation from the successional sequence during the alder stage 
(Bryant 1987). 

With the development of the balsam poplar tree canopy in 
stages VI and VII, there is a thinning out of the alders and a 
general opening up of the overstory canopy, so more light 
reaches to the forest floor. Shrubs such as Viburnum edule 
and Rosa acicularis become more abundant. Of special 
interest is the arrival of Alnus crispa, which is more shade 
tolerant than thinleaf alder and which eventually replaces it 
in the tall shrub stratum. 

Another important development during this stage of suc- 
cession is the appearance of the feather mosses Hylocomium 
splendens and Pleurozium schreberi. These mosses, which 
become extremely abundant in the white and black spruce 
stands, cannot become established under the alder and balsam 
poplar because of the heavy annual leaf litter and the occa- 
sional flooding and sediment deposition. Their first occur- 
rence in the successional sequence is usually associated with 
the scattered spruce, and the mosses occur only on elevated 
surfaces such as fallen logs and stumps. 

The shift in dominance from balsam poplar to white spruce 
is the most significant event in the successional sequence. The 
presence of the conifer canopy, with the change from large 
quantities of leaf litter to smaller quantities of needle litter, 
allows for the development of a continuous luxuriant feather 
moss cover and the rapid buildup of a thick organic layer. At 
the same time there is a rapid development of subshrubs, 
especially Linnaea borealis in the younger spruce stands and 
Vaccinium vitis-idaea in the older stands. Other plants that 
reach their optimum development in the white spruce stage 
are those in the orchid group, which seem unable to develop 
until the thick forest floor has formed. Goodyera repens and 
Calypso bulbosa are primary examples of several orchids that 
occur primarily in these floodplain white spruce stands. 

The gradual deterioration of the site due to colder soil 
temperatures and permafrost, as a result of the buildup of the 
thick organic layer (see Viereck et al. 1993, this issue), causes 
a shift from closed white spruce stands to open black spruce 


stands. With the appearance of permafrost there is also a 
gradual shift in shrub species: Salix planifolia and Salix 
glauca become common, especially in the black spruce 
stands. Low shrubs that commonly grow on permafrost sites, 
such as Ledum groenlandicum and Vaccinium uliginosum, 
become abundant in black spruce stands. Of special signifi- 
cance is the establishment of Eriophorum vaginatum (sedge 
tussocks) and Sphagnum mosses, both of which are indicators 
of permafrost and waterlogged soils of the fens, bogs, and 
black spruce woodlands of the older (stage XII) terraces along 
the river. 

Thus it can be seen that there is a general progression of 
species in the successional sequence on the Tanana River. 
Each seems to find optimum conditions for growth, and these 
conditions are often the results of the modification of the 
environment by other species that have preceded it in the 
successional sequence. The succession of vegetation on the 
active floodplain of the Tanana River can be seen to illustrate 
several concepts of the controls of plant succession. Walker 
et al. (1986) state that the entire succession on the Tanana 
River floodplain can be explained by “(1) stochastic events 
related to flooding and seed dispersal and (2) the life history 
traits of the dominant species.” Although these two factors 
are important in determining the successional patterns in the 
early stages, we find that facilitation, the modification of the 
site by one group of species creating conditions that favor 
another group of species, plays an important role in the later 
stages of succession. Undoubtedly competition between 
species for nutrients and light also plays an important role in 
determining the rates of succession. 

Our conclusion is that life history and stochastic events are 
important in the early stages of primary succession on the 
Tanana River floodplain but that biological controls such as 
facilitation and competition become more important in middle 
and late stages of succession. 
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